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WIND-TUNNEL INVESTIGATION AT A MACH NUMBER OF 2.01 OF THE 
AERODYNAMIC CHARACTERISTICS IN COMBINED PITCH AND - 
SIDESLIP OF SOME CANARD-TYPE MISSILES HAVING 
CRUCIFORM WINGS AND CANARD SURFACES WITH 
70% DELTA PLAN FORMS 


. By M. Leroy Spearman and Cornelius Driver 
SUMMARY 


An investigation has been conducted in the Langley 4- by h-foot 
supersonic pressure tunnel to determine the static longitudinal stability 
and control characteristics of several missiles at а Mach number of 2.01. 
The missiles had cruciform wings and canard surfaces of delta plan form 
with leading edges swept 709. Two models were tested with body fineness 
ratios of 19.1 and 15.7. The tests were made through an incidence angle 
range from -2% to about 26? at various roll angles from 09 to 900. 


The present paper consists largely of a data presentation of the 
results obtained at combined angles of. pitch and sideslip. In addition 
to the basic data presentation, appendixes are included in which the 
body-, wind-, and stability-axes systems are described and the transfer 
equations necessary to convert the basic data to other forms are shown. 


INTRODUCTION 


In connection with the development of missile configurations with 
canard control surfaces, ап investigation has been conducted in the 
Langley 4- by h-foot supersonic pressure tunnel to determine the longi- 
tudinal and lateral aerodynamic characteristics of а series of such con- 
figurations. The models had cruciform wings and canard controls of delta >. 
plan form with the leading edges swept 70% and were equipped with all- ~ 
mov&ble canard surfaces for both longitudinal and directional control 
and movable wing-tip ailerons for lateral control.. 
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The results of an investigation of the effects of body length 
(fineness ratios of 14.8, 15.7, 16.7, 17.7, and 19.1) on the longitudinal 
stability and control characteristics of these missiles at a Mach number 
of 2.01 are presented in reference 1. The aerodynamic characteristics 
of the canard surfaces in the presence of the fineness ratio 19.1 body 
at a Mach number of 1.61 are presented in reference 2. The results of 
an investigation made at a Mach number of 2.01 to determine the effects 
of large deflections of the canard control and deflections of the wing- 
tip controls on the aerodynamic characteristics of the configuration with 
a fineness ratio of 15.7 are presented in reference 3. The results of 
some additional tests made at a Mach number of 1.41 of the configuration 
with a Pineness ratio of 15.7 and of the bodies with Pineness ratios of 
15.7 and 19.1 with very small-span wings are presented in reference #. 


The present paper consists of a data presentation of the results 
obtained at a Mach number of 2.01 for the configurations with fineness 
ratios of 15.7 and 19.1 at various roll angles from 0° to 90° through 
an incidence angle range from -2° to about 26°. A resolution of these 
results provides the aerodynamic characteristics for the missiles at 
angles of attack up to about 26° at zero angle of sideslip or at combined 
angles of attack and sideslip up to a maximum of about 16% for each. The 
results include those for the complete configurations (body-wing-canard) 
with wings both in line with the canard surfaces and indexed 159 with 
respect to the canard surfaces, as well as those for the body-wings, 
body-canards, and body-alone configurations. In addition to the basic- 
data presentation, some transfer equations are included that may be used 
to facilitate the preparation of various types of analysis figures. 


SYMBOLS 


The basic results of the tests are presented as coefficients of 
forces and moments referred to the body-axis system (fig. 1) with the 
moment reference point for all configurations located 6.25 body diameters 
forward of the base of the body (-19.5 percent of the wing mean aero- 


dynamic chord). 


CN normal-force coefficient, -7/а5 

Сс chord-force coefficient, -X/aS 

Ci pitching-moment coefficient, M'/qSé 

Су lateral-force coefficient,  Y/ag 

C1 rolling-moment coefficient, L/aSb 
ane 
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Cn 
2 


X 


М! 


а, 


В 
і 
ў 
бн 
Sa, 
Subscripts: 


B 


B 


Ero 
— n Й 5 


yawing-moment coefficient, М/а5Ъ 
normal force along Z-axis 

chord force along X-axis 
pitching moment about Y-axis 
lateral force along Y-axis 


rolling moment &bout X-axis 


yawing moment about Z-axis’ 


free-stream dynamic pressure, lb/sq ft 


total wing area resulting from extending the wing leading 
edge and trailing edge to the body center line 


Wing mean aerodynamic chord, in. 
diameter of body, in. 

span of wing, in. 

length of body, in. 

angle of attack, deg 

angle of sideslip, deg 

angle of incidence, deg 

angle of roll, deg 

horizontal canard deflection angle, deg 


aileron deflection angle, deg 


stability axis 
body axis 


Wind axis 
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MODELS AND APPARATUS 


Sketches of the models are shown in figure 2. The geometric char- 
acteristics of the models are presented in table I. 


The body of the model was composed of а parabolic nose followed by 
the frustum of & cone which was faired into & cylinder. The body length 
was varied through the use of different lengths of the cylindrical por- 
tion. Resulting body fineness- ratios were 15.7 and 19.1. Coordinates 
of the body are given in table II. The canard surfaces and the wing had 
delta plan forms with hexagonal sections and leading edges swept 709. 
The ratio of exposed canard area to exposed wing area for the basic con- 
figuration was 0.10. The horizontal canard was motor driven and deflec- 
tions could be set by remote control. Tip ailerons of triangular plan 
form were provided on one pair of wings only (normally in the horizontal 
plane). ТЕ was possible to rotate the rear portion of the body con- 
taining the cruciform wings so that the wings might either be alined with 
the canard surfaces or indexed 45% with respect to the сапага surfaces. 


Force measurements were made through the use of а six-component 
internal strain-gage balance. The model was mounted in the tunnel on a 


remotely controllable rotary-type sting. The angle-of-incidence range 
was from 09 to about 269 at various roll angles from 09 %о 909, 


TESTS, CORRECTIONS, AND ACCURACY 


The conditions for the tests were: 


Mach number . . >" кг" ки. = «ке - a о E о 


Stagnation temperature, p MM н а та с а a 110 
Stagnation pressure, atmospheres ................ l.O 
Reynolds numbers based оп С ............... З.Х 106 


The КҮНІ — was maintained sufficiently low (-259 Е ог 
less) so that no condensation effects were encountered in the test 
section. 


The angle of incidence was corrected for the deflection of the 
balance and sting under load. The Mach number variation in the test 
section was approximately 50.01. and the flow-angle variation in the 
vertical and horizontal planes did not exceed about 50.19. No correc- 
tions were applied to the data to account for these flow variations. The 
base pressure was measured and the chord force was adjusted to a base 
pressure equal to the free-stream static pressure. 


--- - ------.----- ----- 
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The estimated errors in the individual measured quantities are as 
follows: 


EN ср dnos ж жой жле ВЕЛЕ. ме qoe бе ded e ОШ OU UE Aou e а 30-00 
VEMM 10.002 
г жена ое P бочви: ЗИ: Зи Фе: ои о OOO 
бо етике те ки ойлы а Be Жс аж v 
очи ли M RO ев ово ОВО И е · ое о 


C4 е ө е е е е е ә е е е е е е е е ө ө е Ф е ө е е е е е Фе Ф её 30 • 0004. 
1, deg • е е е е е е а е е ө е Фе е ә е в е е е е ù Ф е во е е +0 Е 
д, deg ё xw ли 5 • е е е е а э ее еее ө a ө ее ө © е е е е o +0 ЛЬ 
би» deg e е е е е е е © © © © ө е © © © а е © © е © © © ө во io ak 
Фа» deg e е е э е е е е ә е е : • е е е е ө е е е е е е е е е +0 "A 


RESULTS 


The basic results are computed for a body-axis system and are pre- 
sented as functions of the incidence angle i for various constant roll 
angles g. lt 1s, perhaps, more conventional to present aerodynamic data 
for a particular axis system for various angles of attack and angles of 
sideslip. The selection of an axis'system and angle notation is a matter 
of judgment dependent upon what may be most convenient or most useful for 
a particular purpose. The axes systems commonly employed are the body, 
wind, and stability systems. A description of the angle notations and 
axes systems 18 presented in appendix A and the transfer equations neces- 
вагу to convert the present results to other forms &re presented in 
appendix В. 


The figures are presented in the following manner: 


Body alone: 
DOES LS ни ке тег еј “ке. 14 
[y Eo же шж otek мы жоё "-—-—"r e 5(b) 
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Figure 


би = оао A e ЗА) 


ESO AA иа poa DAD) 

Cee а Ge НИЗ чи не кл = 5(c) 
Body-wing, 12/4 = 15.7: 

Joine MIDES: €» oa a Od ids абс ed сјај 

Indexed wings +. . . . . . . .. МЕРЕ и о ак иск XD D) 
Body-wing, 1/4 = 19.1: 

Inline WwlnEB e a ww е ша "EE м (> 

Indexed wings ................. ы ша ra 622 


Body-wing-canard, 1/4 = 15.7; inline wings: 


Ope: da ж A E ub acm e = ни: 
Be ааа n de ORE e ща чча ни ee а 2 sx xs OL) 
бн = 8 o ө ө ө ө в o ө aoo ө ө а ә е е е е е е o >. e o» è o o 8(c) 
ESO ada ПРЕ (a) 

= 0, ба = +10 (left aileron down 10%, right aileron up 109) 8(e) 


1/4 = 15.7, indexed wings: 


Es 
і 
| 


On = Q . «+ е © © © © © © © е це оо е е е е 9 в е е в е 9(a) 

Um ссе MP de ee eh Ee & в. DE) 

USA анат www ws МИ и ез алы. ж ОСЕ) 
Body-wing-canard, 1/4 - 19.1, inline wings: 

ЕО в шю а ой ар да be Age бо ou oue А бе че чь. Ola) 

Dh D. эж ed ағасыз adas ғазы uw wb) 

DH EUIS эзы жю ж-з ME I «Pd WE CAE ВОТ и tos · „ 10(с) 
Body-wing-canard, 1/4 = 19.1, indexed wings: 

DH D. ым a бло му de аа са да Ж ле ж ж Lis) 

ӨНЕ аа ачага ро -- =. 2 . . 110) 

ОСЕ пари "CI пр d UU а бе УЛ hd 11 (c) 


Through the use of the equations given in appendix B, it is pos- 
sible to obtain the incidence angle i necessary for various constant 
roll angles Ø to provide a varying angle of sideslip at various con- 
stant angles of attack. This procedure has been followed and the tabu- 
lated coefficients at combined angles of attack and sideslip for one 
configuration are given in table TIT. 


МАСА RM L5hFO9 6% omo 


Numerous types of analyses, of course, are possible but in order 


to expedite publication of these results, none are included in this data 
report. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., May 27, 1954. 
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APPENDIX A 
AXES SYSTEMS AND ANGLE DEFINITIONS 


Presentation of basic results.- The basic results for this report 
are computed for the body-axes system and are presented ав functions of 
the incidence angle і for various constant roll angles 0. The inci- 
dence angle (see fig. 1) is defined as the angle between the body X-axis 
and the relative wind (line of flight) in the plane containing the body 
X-axis and the line of flight. The roll angle ф ів the angular dis- 
placement about the body X-axis of the body X,Z-plane from the plane 
containing the body X-axis and the line of flight. From these two angles 
alone it is possible to locate the body in space with respect to its line 
of flight. 


Body axes.- The body axes are a system of axes fixed within the model 
with the origin at the center of gravity or moment reference point and 
the X-axis is an arbitrary axis in the vertical plane of symmetry and 
usually points along the body reference center line. The Y-axis is per- 
pendicular to the vertical plane of symmetry and points &long the hori- 
zontal plane. The Z-axis is in the vertical plane of symmetry and per- 
pendicular to the X-axis. 


Wind axes.- The wind &xes are & system of axes in which the X-axis 
always points along the line of flight (into the relative wind). Тһе 
Z-axis lies in the vertical plane containing the wind Х-ахів and is per- 
pendicular to the Wind X-axis, and the wind Y-axis is perpendicular to 
both the X- and Z-axes. 


Stability axes.- The stability axes are а system of axes in which 
the X-axis is the intersection of the vertical plane of symmetry of the 
model with & plane perpendicular to the plane of symmetry and parallel 
with the line of flight. The stability Y-axis is perpendicular to the 
vertical plane of symmetry, and the stability Z-axis is in the vertical 
plane of symmetry and perpendicular to the stability X-axis. The stabil- 
ity axes system is, in effect, a combination of the body and’wind axes 
in that the stability and wind axes are identical in the angle-of-attack 
plane when the yaw angle is zero and the stability and body axes are 
identical in the angle-of-yaw plane when the angle of attack is zero. 
Hence, the stability axes do not pitch with the model but do yaw with 
the model. 


Angle system.- The angle of attack is defined as the angle between 
the body X-axis and the projection of the body X-axis on the plane con- 
taining the line of flight and the body Y-axis. The angle of sideslip 
is the angle between the line of flight and the projection of the body 
X-axis on the plane containing the line of flight and the body Y-axis. 


-- ---- = > 
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APPENDIX B 
TRANSFER EQUATIONS 


The equations necessary to convert the angles of incidence and roll 
to angles of attack and sideslip are as follows: 


tan a = cos Q tan і 


sin B = sin Ø sin i 


The transfer equations necessary to convert the forces and moments 
from the body axes are as follows: 


From body &xes to stability axes: 


X, = Хр сова, + Z sin а 


Уз = Ўв 

25 = Zg cosa - Xp sing 
° Lg = Ip cos a + М sina 

Ма = №. 


№ = N cos а - L sin а, 
From body &xes to wind axes: 


X, = Ха сов а cos В + Zp sin а, cos В + Хр sin В 


а — —— --- ——M—— ————— ----------- ---- — ~ а аа A o———M——— Ы———————————— Pe ли ви 
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Ху = Ув cos B - Хр cos а sin В - Zp sin а sin В 
Zr = Zp cosa - Xp Sin а 

Т = Lg cos а сов В + Hp sin а cos В + Mp! sin В 
Ма = Mp' сов B - Ly сов a sin B - №; sin а sin В 


Ny, = № сов а - Ip sin a 
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TABLE I 


GEOMETRIC CHARACTERISTICS OF MODEL 


Wings: 
Span, in. . . .. чек о. а Eos 
Chord at body center line, SD йй афо ӘЛЕ оо писа о. ТРОО 
Chord at body intersection, in. .............. 13.407 
Chord at aileron break.line, in. ............. 4.606 
Area (leading and trailing edges extended to 
body center line), ва in. ................ 104.8 


Area (exposed), ва in. .................. 64.2 
Aspect ratio... Я соле Боз 1.404 
Sweep angle of leading edge, des И ARS UE o ж.ж Жою uer ча TO 


Thickness ratio at body center line ............ 0.0147 
Thickness ratio at aileron break line . . . . . . . e e . . 0,0543 
Leading-edge angle normal to leading edge, deg ...... 15.6 
Mean aerodynamic chord, in. ................ 11.48 


Aileron: 
Área, sq in. . à oF. Мо воо ue. e A жон AA 5.201 
Mean aerodynamic GRON. EA ло Иво A ж Ue Deb Е. ЛЫ» ЙЫ wh дру За: Та 3.071 
Thickness ratio at break line . . . . . . ooo... © © eo 0.059 


Canard surfaces: 
Area (exposed) sq in. ................... 6.106 


Aspect ratio . . . . К Ри поен не је = Es [2 

Sweep angle of Таван едде, des "DTE TO 

Mean aerodynamic chord, in. . . . . . e e . e . s . . eee 2.516 

Ratio of exposed агеа to wing exposed area . . . . . . . . o 0.1 
Body: 


Maximum diameter, in. ................... 2.666 
Наве area; алп: са ma A a нов аа 5.505 
Length (long body), in. . . . . . . . . . . .. . . . . . 50.855 


Тепаси (shore body). ins эз soe зо њ ыы др 42.0 
Fineness ratio (long body) . . . . . . . . . . . . . . . . . . 19.1 
Fineness ratio (short body) . . s . . e . . . . . ee eee 15.7 
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TABLE II 


BODY COORDINATES 


15 


14 — GONE . МАСА RM L5hFO9 
TABLE III 


TABULATED RESULTS FOR VARIOUS ANGLES OF ATTACK AND SIDESLIP 


[complete model; 1/а = 15.7; inline wings] 


- = ----------------------- 
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TABLE III.- Concluded 
TABULATED RESULTS FOR VARIOUS ANGLES OF ATTACK AND SIDESLIP 
[Complete model; 1/8 = 15.7; inline wings| 


(b) 8g = 12 


-0.045 | -0.0006 


20.65 | -5.57 | 0.695 | -0.137 | -0.0 -0.025 | 0.122 
25 21.88 | -9.63 . TOO г. | -.0091 -.062 . 262 
15 24.75 | -6.80 | 0.870 |-0,16 | -0.0141 -0.051 | 0.184 
25 26.16 | -11.73 .857 -.173 | -.0162 -.080 . 548 


Мапе 
об + light 


Figure 1.- Angle notation. 
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Figure 2.- Details of models. All dimensions are in inches. 
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(а) 1/а = 15.7. 


Figure 5.- Body alone. 
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(а) Continued. 


Figure 5.- Continued. 
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(a) Continued. 


Figure 5.- Continued. 
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Figure 5.- Continued. 
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(0) t/a = 19.1. 


Figure 5.- Continued. 
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(b) Continued. 
Figure 5.- Continued. 
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(b) Continued. 


Figure 3.- Continued. 
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(b) Coneluded. 


Figure 5.- Concluded. 


КАСА RM L5hFO9 


26 


729 22 29999 92896 

МК 
ООО 
72299 ИБНИ ЕЕЕ)! 
БЕНИННИ ИИ ШЕШ 
Ti. => HA 
T 0 
СЕ 9994699 КГК 
аш 
ТЕККЕ 
0С 


о 00 Де Ф 9 $: го N E 


= 
O 


E 5 = 
ru они Ба ГАЗ a 
мы 


2-4 


8 


UN 


4 


e 


8 


4 


О 


(а) dy = 0. 


l/a = 15.17. 


Figure Д.- Body-canards. 
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Figure 4.- Continued. 
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(a) Continued. 


Figure 4.- Continued. 
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(a) Concluded. 


Figure 4.- Continued. 
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Figure №.- Continued. 
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(b) Continued. 


Figure 4.- Continued. 
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(p) Continued. 


Figure #.- Continued. 
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(b) Concluded. 


Figure #.- Continued. 
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(c) Continued. 


Figure Д.- Continued. 
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Figure Д.- Continued. 
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(c) Concluded. 


Figure №.- Concluded. 
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(а) бџ = 0°. 


Figure 5.- Body-canards. 7/8 = 19.1. 
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Figure 5.- Continued. 
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(а) Concluded. 


Figure 5.- Continued. 
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Figure 5.- Continued. 


ie 


15 


fae TA 


NACA RM 154Е09 


|__| || ||| ||| | 
tel ata} „| | а а | | | | 
МУУ А | МА | | | 
LLL ки | 4 ||| 
ИМ | | | || 
АЕ 
|__ || LLL. 
LLL LL ШИШИ 
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Figure 5.- Continued. 
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Figure 5.- Continued. 
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Figure >.- Continued. 
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Figure 5.- Continued. 
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(c) Continued. 


Figure 5.- Continued. 
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(c) Concluded. 


Figure 5.- Concluded. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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(а) Concluded. 


Figure 6.- Continued. 
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(b) Indexed wings. 


Figure 6.- Continued. 
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(b) Continued. 


Fígure 6.- Continued. 
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(b) Continued. 


Figure 6.- Continued. 
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(b) Concluded. 


Figure 6.- Concluded. 
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(а) Inline wings. 


Figure 7.- Body-wings. 1/ = 19.1. 
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(а) Continued. 


Figure Т.- Continued. 
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(a) Continued. 


Figure 7.- Continued. 
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(b) Indexed wings. 


Figure 7.- Continued. 
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(b) Continued. 


Figure Т.- Continued. 
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(b) Continued. 


Figure 7:- Continued. 
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(b) Concluded. 


Figure T.- Concluded. 
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(а) ӛң = 0. 


Figure 8.- Body-wing-canard. 1/а = 15.7; inline wings. 
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Figure 8.- Continued. 
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(а) Continued. 


Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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(b) Continued. 


Figure 8.- Continued. 
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(b) Concluded. 


Figure 8.- Continued. 
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(c) ги = 89. 


Figure 8.- Continued. 
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(c) Continued. 


Figure 8.- Continued. 
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(c) Continued. 


Figure 8.- Continued. 
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Figure 8.- Continued. 


19 


«Lirio, МАСА RM 15709 


WV / A 
ишш. ТЕСІГІ 
ЕВА V ||| 
| Ил | | | | _ 
ДТ 
2 x 5 


|| | веввечивопо 


М 
ч : 
5%, 
е, 


(а) би = 12. 


Figure 8.- Continued. 
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(а) Continued. 


Figure 8.- Continued. 
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Figure 8.- Continued. 
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(e) Continued. 


Figure 8.- Continued. 


NACA RM L54F09 


С; 


агац 
ТЫПТЫ ЗЕ СА 277111, 
РКЕ МЕ МА У У AA 
ОДА ЕМА СЕСЦІ. 
SOS ON 


(e) Continued. 


Figure 8.- Continued. 


<> 


85 . 


МАСА RM L5hFO9 


со 
Су 
CENT ALS 


| N 
СЪБ ТАБ 
e 


(e) Concluded. 


Figure 8.- Concluded. 
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(а) Пи = 07. 


Figure 9.- Body-wing-canard. 1/4 = 15.7; indexed wings. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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(а) Concluded. 
Figure 9.- Continued. 
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Figure 9.- Continued. 
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(b) Continued. 


Figure 9.- Continued. 
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(b) Continued. 


Figure 9.- Continued. 
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Figure 9.- Continued. 
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(c) бн = 129., 
Figure cn Continued. 
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(c) Continued. 


Figure 9.- Continued. 
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(c) Concluded. 


Figure 9.- Concluded. 
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(a) Эн = 0. 


Figure 10.- Body-wing-canard. 2/4 = 19.1; inline wings. 
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Figure 10.- Continued. 
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(а) Continued. 


Figure 10.- Continued. 
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(а) Concluded. 


Figure 10.- Continued. 
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